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(54) CONSTANT-DETECTING DEVICE, CONTROLLER, AND CONSTANT- 
DETECTING PROGRAM FOR BRUSHLESS DC MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve initial 
response accuracy and adaptivity during controlling. 
SOLUTION: A constant-detecting device 15 consists of 
a detecting part 26 and a computing part 27. The 
detecting part 26 comprises a rotation sensor 41, a torque 
sensor 42, a position sensor 43, a rotor temperature 
sensor 44, a winding temperature sensor 45, a phase- 
voltage detector 46, and phase-current detectors 47, 47. 
The computation part 27 computes an induced voltage 
constant Ke, which changes with motor temperature 
Tmag at the driving of the motor 1 1 is computed, based 
on respective detected signals from the detection part 26. 
D-axis current Id and q-axis current Iq, after separation 
of iron loss, are computed to compute a d-axis 
inductance Ld and a q-axis inductance Lq under actually 
operating conditions of the motor 11. 
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m<n^i^xa> h;k^7m^i3r^fflj2 1) msas^emff 

^^f^lS,mm^ 5^ >X<!: BSE h^u^tt^ >-sr 
fill2 2) Bll8B^fiattm3%}&^{[|(b^8Sh;U<7|A%^ 

't^^yga>ui^x<oy'i—\^f^v<pumn2 3) t^i^ 

t=E-^±m^tizm'^i\x$Scm^^wihLx. 

iz^ m^mtzsci^i,&tmmmm^tfLm^Uihr^zitvt^ 

xz?H — \^/<^j^fi^m^n^ztt<x^^ mm^(Dit^ 

[0 0 3 0] ^fz. m^m^ 1 fcBBIS<0**^<D:?^^> 

^mmo^f^mx(D:^^^yy^s2 4) ^fiBsnemffct 
50 ®^a>^!^^g<7)S3^)^^,?i^^||3SEeEffi5|^^:a5■r^{a1§ss 
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4^JctU:X-T-'V3?"S 1 7) BtI8e:7'^vUXDC^ — 

izm-^i^xm-m^i-c >^<p^ >:^&uj h;u^tt-f v-s^^^? 
ai-r-&5gJg<Dff^a|-e0x^-y::^s 2 9) i:lll^fcc<t^ 

[003 2] CCDcfc ^fcLTSai^tLfc^ilSlitfitt. K 

as-r^cctr-. ^^5^(o^i!)<t. gi^mffcD^s&it, <5 

[0033] ^^(-. If^^l 2(Zga«c<7):*:^^(D3?*^ 

:!^DC=e-^(D^^^mmzfa</^2^vh':>x. tnmz^ 
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mtz^tCX^ibW^^^titzwlt^mmi^Lm^tmtdm^^ 
IS^cDfi jEfil ct BiJSaisllEiSr (CCS C "C ^ <J^)I9:S tt/c 

Xt^-v^^S 2 3j3J;i;xi^'y:^S 2 4) firr85#maa 
S ?3 cfc I): mI«B#^«ttfil IS ^ i;: B»l ESI^Stafil ( c ^ N 

msL^m^^^t^mnmizm'^i^xm^^^Witi^ri>m 

ai^® (iwxf*. mmri>^m(ommx'<o:x.^v':fs2 
nm^^^WLxvif^mm^^M^mr^mn^mi 

30 S^£E-r^5?J£cO»$alT'(DX'X'y:7^s 2 6) 

s 2 8) fs^x^mfzm^m^<Dnmmm,^mt k^u^^ 

^ai'^'S3IS£(D}^sgT'<DXTr-; 2 9) t^H^fcC 
to 0 3 4] -bS2^fiJca):7^->UXDC^ — ^(7>^gft:^ 

50 ^>iA.t£R)TSSgfc^3l-^^#^SI3tfiiB<felj:#^^®iz 



(13) 
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[O O 3 5] 

im^cynma^mm] kit, *«^(d:7'^'>uxdc^ 

i^uxDC^— $i©ift|^Sg1Si 0(D<||KKEl-efcy. 132 

{t.m 1 izT^-rz?^ - K/< -y <7«iaiap 2 3 <t ^5gt36s:«B 2 
7 <D^i^w«Bit^^-r«iRicgir'fc y , @ 3 tts 1 rc:5^-r 

::;r^<>uxDC^— S^cDWffliSiei o (kit, r^-.-$i 

«q«®isisi oj <bi>^) tt. myLitw9immm'^^s^ z? 
3dot. c<d^— 5» 1 1 it. mmizmm-tii^iKm^^ 

ECU (Electric Control Unit) 1 2 
5^ (0S^<I^I±SISS 1 5 (KiT. r^|a:^ttJSIS 1 5 J 
[0 0 3 6] ja®«Ig|^e:T'&^^>/\-— 1 3tt. 

3Km:^/c^^LX^— 1 ^\z'^k1^t^. -tut^-^. ^ 



10 



20 



30 



40 
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[zUr^Xl^^^ ECU 1 2(±<>/\*— -$1 1 3(0m:t)^^ 

4B5S3lEmEE*&^fil* Vvy^-0/<— $1 i 3fcX:^iL"C. 
cH^<D^^ffJ&^fil * V u . *Vv, *Vw/cn£;i:fc 

[O0 3 7] CCO^itfjECU 1 2(*. h^U^^Jg^^gSSSP 

2 1 ,t . g 2 2 <t . 3?-r— K/<»y ^ftij'^gp 

2 3 i^«S;^T8lR£^?tLTU>>5>o h;K7}&'^3?^gil2 1 

i^^^<t ^tL>2) h;u{7fil^>^s:LT. CCD h;K7fi|^^^ 
^ 1 1 izn^-^-^^fzibCD h;u^J&^* T^^fiELTi 

[0 0 3 8] gSm3i£35^ffl5 2 2<i. h;U^f&^M*T 

(csr5i>r. 1 3A^»^^--^ 1 1 f-^j^-r^ 

K/<«y^trlJ|^gP2 3-\^fi^$;tLX^^'6o C(7)S$S 
dIA (h;u^|i) <tU. C<Dd«<»:1i:!S^-r^;5*R^.qtt 
<t ir^fCl^^LrmSCftiSiScu r e-eSISLTlN'So C 

^tt^js^u^^iz.n-ri>nmBi^t\^x. m.^m^^^ 

T*fc^d%B^m3S£* I d&u:qttg«5m3S* I q 

r>\zU'oXl^^^ 
[0 0 3 9] BSJ«3E3l®«P2 2(i, d«il:0S 

>^»«B2 4t. qtt«3iE353?:a52 5t^flx.r«lfiE$tL 
Tl^>So d|*m3i£;1IS:fii5 2 4tt. TIBI&^ ( 1 ) [ztk-T 

ircgio'iAT, d«dg^m3i£^ I d^mai^-Sp q«m 

3S35HfiU2 5tt. Tta^SxC (2) fc^-rj:^f::. \-i\.<p 

y^^>XL dJicfctJ^q^-l'>'$^''i?^>XL q t\zm^ 

t>T. qiAsesmsiE^ I q^jrai-r^o 

[O O 4 O] 



Ke 



(1) 



[O O 4 1 ] 



2iLd-Lq) 



(2) 



50 •e«3Ea)7-f— K/<-/<7MW^iT-5t.(D-C'fcy. d^i 
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1 3Axt,^-.-? 1 1 fc#t|ig$tt^«-4Bm3SE I u. 

1 5AN^£il:tl$tt^d|ima I dST>*q«6m35E I qs $ 

^/::d46^>-?'^^>XL d Zitj: q $6^ >x L 

[0 0 4 3] £Sii^tii%si 5(^. ^thU2Gt. mm 

fiP2 7^^|g;^rmf5K^ttT^3y. ^ — '5' 1 1 refill ^> 
tlfc^£iJ«B2 63b^t>til^J$+L^^^ — 1 1 (Olsl^^St N (7) 

o r (D«I!1J«^<!:, ^— S» 1 1 (OmmifLlRe r e (mSl 

=&«£li ^ .^.(D ^ U ffitH U 1 4'<±J^, N ^ (OmcO U 
ffittffVu n) (DJg^aiffi^^. ^ — -5^ 1 1 (O^^lzmt^ 

w) (D^ttliS-^i:. maSi 4A^^ti3;b$tt>&«3SmEV 

-3yt^T^^(D^SjE5&il^fror. d |6m3£ I d 3iu: q *i 
magi q<t. KiemESSSKe<t. d%-<>-5f<7>Si>x 
L d&ti:qtt-<>y>>^>XL q i:^»tti-r-5»o >ilo> 

[0 0 4 4] ]ikTiZ^ :7-f— K/>**y^We®ffl2 3^COL^ 
rE2^#RBL/c*:3f)N*^,Sft^-r^o ^^S^^ttJ^tS 1 5An^ 

'MMim3^, 3 2(cA:t^$*Lrl^^o -^LT. dSHS3 

1 diAs^m.i^'f I d t dum^ I d t<om^£^ \ d 

35* I dRt^qifig«5m3iE* I q<h, dtt«3Sl dRU 

[OO 4 5] S-S^SSS 1 . 3 2AM^,i±i:b$^:h,yc(S^A 
I djitj:ig|feA I ql*. ttLt'tim^f^mmSQ, 3 4 

(::A:t^$tLTl^>6o tLX. W^MmUa sit. mXi^ 

p I (ttmm^) miFiz^i)m^A i d^$ii?^iti|JsLr 
difimem^fii* V d ^HitiL. m^mm^3 4it^ m 
^i^p iWimz^ijm&A I Q^mmm^i^xQ^Ams. 
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Ji^fil* V q ^3liiJt"^o 

[0 0 4 6] mjHE0l®lffll3 3A^'^£±i;b$ttfcd%mE?& 

ffi^fii* vq(id q • sms^Mmmmwk^Q aiZ7<^l^ 
ttri^^. dq . 3*835g5ffi«gsrtfe§g3 8(i, d^m^ 
jtT'CD d i^mffjs^fii * V d ai>* q «6mE^&'^fii * v q 

10 [O O 4 7] -^LT. d q • 3l95f35^«S^m§§3 8 6^ 

[0 0 4 8) IjJLTf::. ^5a«feasSfetSi 5»cot>T. @i 

^a3ffll2 6tt. lsI«£-tz>1^-4 1 h;u^-t> 

■9-4 2<!:. &S-b>-9-4 3 <h. S5£^^g-ti >it4 4 
20 i:, #«ISS-fe>-»t4 5^. «mBEftaig4 6<h. 05^ 

i*2oa>4g«ga^sii5g4 7. 4 7<t^llt^T«iRe$;h,r 

Co O 4 9] lsHe-b>-9-4 1 tt, ^— ^ 1 1 COlElfiT 
(E^B§) CD(sHE»N^^a3-r^o K;U^7-tr>-9-4 2 
f*. ^ — -$1 1 1 3&^^>m^5?H'6^— h;U^ T o r 

ai-r^.. (afi-b>-9-4 3(i. =^—^ 1 1 (DisIlS-?- (©^ 

BS) cDOiectifie re (c^ffift) ^gfea3-r<b. m 

Co O 5 O] <g«EE^@iaie4 6tt. ^—-$1 1 1 (o^mz 

^ (D ^ *> a> u lem ±» ^. u ^ ifJtt^. N <t CO PpIcd u terns V 
4 7, 4 7tt. ^—^1 ^ (D^ntzmn^^ti^^m^i \ 

C00 5 1] ^fc. m2tz7Fir^oiz. sia^^assiisi 

dm - Q^^^L^UU (I d • I q;-35S:fiIl) 5 2 

t. mmmi^m^^nm (Ke^smai) 53^:. di6- 

50 q«'<>y<7^>XftS35^fiP (Ld ■ Lqt£^36|?[ 



(15) 
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mssi 1 1 a>i5i3£(affircck^isii£ffi«-r>i 

[0 0 5 2] dIA- q$fim5^£;15^eiJ5 2I±. ^£Ii-r^»<fc 

m^'n-ox^mm^^^f^^LtzmiE'^od^An^ii d^t 
D^qwrnaisi q^. ifr/cJUd$6mjjfE 1 dSLUhQ$Am,^\ 

q«-<>'$'^^^>Xtt^95S[SP5 4tt, ^xE^^J:^ 
(c. ^---S'l 1 (D5?®$S«alX'a)dl6-<>y^^>:^L 

d&U:qttH'>^^^>XL q ^SaiUr ECU 1 2^^ 

[0 0 5 3] :^mmomm^z^i>=^—^mm^mi^ oit 

I o s s_me c h a ^jj^T y , 08l*isl 

tz^i>idimn^a>^^:^^(o=E^ji.^in-rmx^^j . m 
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* [O O 5 4] 5fc-r\ S4(C7FfXi^'y :7"S O 1 iZ^l\X 

^k-r-s^^SiitR o^^jET'^cir'. jgis^iiE^co®^ 
p I o s s_ r ^icai-r :7°s o a 

fCfcl>Ttt. mX^. =E—^ 1 1 (7)±tt^P I o s s_ 
alii:, mm^P I o s s_r <t. littti^ P I o s 
s_mech a <bfcm-:5t>T. tJ^ti^ P I o s s_ i r 

[O0 5 5] ^iZ. X-T'yli^S 0 4IZJSL^r^*. ^j^T 
^^"ytZ. H^ll^^flfi^^r i_r e a I ^Wtbt 

miai^unm.^ (jut. rsfetsmaSj <!:t^^) ^sai-r 

^iem3S£Ai>_biatl^fi| ^ ffi t NT ^iU $ Hi> lets tail AbK 

mmE^-^m^^iiL^^tzm-^i^x d i6y >^<7 >x l 

d&D:qifi-r>^^^>XLq^S£ii-r^o 5>:fc. 
'y3^S0 7fZi3L>r(*€--C>'Sf^^>XL d. L q Izg 

[0 0 5 6] i^XTtZ. ^Sr^ai^Sl 5(7)^?gl;15SSfJ2 
7 f- It S o I >T ^® ^ #fiB L 

ig#T = 2 0°C) T'©#|^gtitRofc^J:tj:KI®|g^5ir 

sfelz, xi^t/:/s 1 2fcfcL>r. TS2»^ (3) rc^K-r 
#«<0^*ticE& CT^T^f ^Bf^oSg^gffi^lgrc t izm 

-^i^xmm^tKR oi^^iELxntzMiz. mmts^tUr^ 

[O O 5 7] 



J -(3) 



[0 0 5 8] ;^f-. Xi^*y:7'S 1 3(C^St^TI*. ffimE 

•9-4 3 izx^i^^Mzmmmm(oiiLmmizimmr^m& 
^mF FTiz^^j mi^titz^ns.<D-^xm^tizmr5is 



n 

[0 0 5 9] Xi^^vT^^S 1 6 (C^SlNTIi. -=t— 5? 

S-tz>'t*-4 acDtiffijine ^4f)>=B'j 2 8(cSS©^ 

X. fi^{KW^'^^7itz^^=htm^ti>:Lt\Z^'oX. 

@3E^(D#^rt^s < m-m.m^{zm'^mm.(r>mtt^± i: 
r. {^L^^iiy^A 3\zx^\h-^Mzmm{^me r e 
50 ^— 1 1 (r>m^i^n(r>i)^'^\zn^r>xm'xmmz^itt 
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[oo6o];:5;/c. xi^^v^^s 1 7 (c^>ixr(*. ^msiE 

3iEl u) t^h,^ mX{£^i&y—'J:i.WLmmF FTl-^iJ 
(4) rcj^-Tcfc^fc. X-x*y3^S1 6lcT:^§gLrcaiE 

X, ^itS-t >-y- 4 3 (DiiL^mn e ^[El$E-t >-9- 4 1 
[O O 6 1 ] 

(x2 = a\—0 ...(4) 

(5) iZTF-Tck^/c. x^'y:7's 1 4fcr3i:aiL/c{ji 
S-tr>-9-4 3 25)<^t±SLfcKema<D(ii<Si:1smBE(D-;^ 

:7"s 1 6fcr®iE!JgrNrzE£:i:r:^5^Lfc(atE-iz>-»t4 3 
(D(iffl)gti.e <ticso't^r. mBEiaieair i A^t>{iig-t 

[006 3] 
[S!E5} 

r=ri-^ -(5) 

[0 0 6 4] x^^y 2 o^c^^u^T(i. TSSISt 

xC (6) rc:^-r<fe^ic. ®^-b>-tf-4 1 ^crelal$^^f- 
^— 1 1 (DIhUeISn h;u^-tr>-9-4 2rz-c^tti^ 

nfc^ — ^ hiU-^ Tor <t(zS-:5t^T. 1 1 (Ottl 

t^ntiPf:> u t ^S:£U-r^o 

I O O 6 5] 

Pout^TorN •••(6) 
too6 6] x-x'v :7's 2 1 ^c^DL^T(i. TISISi 

(7) fz^f X^'v:7S 1 2lCTSti3Lfcti 



(16) !f$§i2 O^^^l 9 9 7 7 6 (P 2 O O 2 - 1 9 9 7 7 6 A) 
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tSfitfiR<t. 4Sm3S£^ffiS4 7lrT^tUL.ycffi^3£<?)± ^ 

[O O 6 7] 
[?S7] 

P/o5j_r = 3Im^i^ ..,(7) 

[0 0 6 8] ;:5j(c. XT-y ::^s 2 2 CifciNTfi. TSBSS 
10 it (8) \zir^r^o\z^ x^^v:7''s 2 2 (zTSittJUyr^ 
^ 1 (Ditl^®^ P o u t -O/'v— -$1 1 3 ^M^^ 

[O O 6 9] 

Ploss_all = Pin- Powr - • (8) 

I0 0 7 0] ^\Z^ X7-'y:;?S 2 3^C^5C^T(*. ^— -$1 

20 1 1 (o^ui^mztf^Mxmt-thmm^p i o s s_ 

mecha^. ^ »J 2 8 fCfiEtS$:txtc7'— "7 

:^6>^^?^-r^o ^CT% ^«ii^P I o s s_mec 

hatt. 0 7tz^-rcfc^(csteaNoie^ic'p^oria*D 

(D^Mi^^P I o s s_me c h a (DMA^SSIS $ ttT^o 
N/C*tE£:-r^««li^P I o s s_me c h a (DilS^^ 

^LS£.*^jitr„ ^tz, x^-v^^s 2 4^z^3t^r^i. is!<£ 

30 «E^;^Jg T m a g lcSr5LNT. [sIIeT^^ T m a g (ZfS 

cr^-ib-r^Kiemffi^sfcK e ^^^y ^ u 2 e tzgsit 

T. Tffi^it (9) rcTj^-Tck^rc, Siemff^^Ke 

'So 

lO O 7 1 ] 
[»9] 

40 E = KeN '-(9) 

[00 7 2] ;^fC. XT^»y3?'S 2 5lC^>L^r^i, ISmsS 

efe£iiS4 7rcr«fetii$nfcffi«35 1 m m^{^. u4§m 
2 6^zfcl^ri*. Tsass^ (10) (cn^-r<t^ic. 

-y^^S 2 2f'rHt±iLfc^— 1 1 (D±ti^P loss 
_a I I 6M^>X^»y ^'S 2 1 (ZT^ffiLtc^^.^P I o 
ss__t Xt^«>^'S 2 3/cr^5gLy--:fi^*Sti^P I 

50 OS s_me c h a i: ^SgtS^LT. S^t^5^ P loss 
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iron ^SaSf^o 
[0 0 7 3] 



(17) 1^^32 0 0 2-1 

* m^ o] 

Ploss iron-Ploss all-Ploss r-Ploss mecha 
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[0 0 7 4] :^^v'?^S2i{zBi^X{^^ TS2ISi 

xE (1 1) ic^fj^^fc. ie«ff:Kajss4 6(cTi^ai^? 
^fi£«^^^i;3g3afiiva I I <!:. xt-^v :7^s 2 6 rcrsc 

aiLf-^J^ti^P I o s s_ i r on tfCg^OT. H^J 
IJ^Ii^iffilStn: r i _ r e a 1 ^^tti'T'Sjo ^cffc. TSESJl 

[O O 7 5] 
[»! 1] 

ri real=3 



Ploss iron 



(11) 



-(10) 

^ [0 0 7 6] ;:fc(c. x-x*:/:7''s 2 sfc^DLxTii. TSaSS 

x£ (1 2) fc^'Tcfc'prc. xt^'vtJ's 2 5^rrs:aiufc 
3affiS£EV^. X7^«y3^Sl 9JcrS:aiUfc(itSi2>-9- 
4 3(7>{418jgtie ^*iIEL/i^CD. =f§mff(7)— ;:JjfiJc^<t 

fitted) r<t. xt^-/3?s 2 7icr®aiLfcs^»iis^ii^ 

filBtSta r i _ r e a I <t ^CSo•t^Ti*li^l&5^^|Sg&a)5fl^K 

[0077] 



Id- 1' cosa = /e - cos (q:2) 



[i&i 2] 
ri_real 

= / - sin a = - sin (a2) - 

real 



ri 



(12) 



a = tan 



-1 



/ = 



I cosa Isina 



cosa 



sma 



[00 7 8] i^fc. X^^Z^S 2 9fzi3t,>TH:, TSESft 

(1 3) fc^-r^t^fz. ^— 1 1 (omt^i^pt. n 

2fcr^a5L/c4S«iafilRct. X^'V^^S 2 4lcrm£t! 



[O O 7 9] 
[SSI 3] 



★ 40 



j^^_ V-sm{a^0)-I'R' sina 
/ 6>*cosa 
_ £ -I- / ' cos g ' 7? - F ' cos (a + >g) 
/-6>-sina 

p^r-a 

N'P'l'TT 



\ 



\ -(13) 



CO- 



60 
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[00 80] iaTd. dl6 (h;u^«) •i'>'$r/7^>x 

»te^Ro=0. 03 5 [n] <tE^tgiJtr=0. GO 

;Me^^ffi^3ac=o. oo3Q3t. i^i^^ntz^m)^ 

S T 1 = 1 1 5 J . T 2 = 1 O O rc] . T 3 = 1 
2 1 ra i:^. (3) rcf^ALT. ie«tS:fi|R = 

0. O 5 2 [Q] A^^aj^tL^o 

[008 1] ;^{ctsmE^;SiS:?— 'ji^^^F F TZ- 
v=i 1 5 [V] ^mmi.. ^my-'jjimm 
-iz >t^ 4 3 <7)<s-^A^ t>^^ ^ssemEtDia^te ^ (onui^ 

ffi^g&r 1 ==6 0 [edeg] $»tii-r>5o ©^g-tr 
>t^4 1 6^t»(D«iai«-%(Cj:y|E|]efgtN=1 2000/ 
60 [l/s] ^^aiL. C(01sI«ESrN= 1 200G/ 
60 Cl/s] (Di^(D{j3[«gtte=~3 [edeg] 

[0 0 8 2] ^tZ^m^^^S^y-OJL^^^F FTtZ 

t±^^mns,(oi^L^t(om^i^Lm^a ^ =e 3 [ed 
eg] ^jrair^jo jiESfeit (4) (zj:y, laiB 

= Qri-0=63- (-3) =66 [edeg] ^gifi 
r^So ±.E5atxC (5) fri:y, fiiflf-t >-t^ 4 3 (D 

ma(ai8<!: amateur = r 1 ~e = 4 2- (-3) =4 
5 [edeg] ^Kaif^o ^L-C. TISI&xe (14) 
fc^-rj:^rc. ^—-$11 1(DIsI5£SeN. h;U^Tor^ 
7c»c_tgElS*e ( 6 ) fc J: y ^— ^ 1 1 (Dili^m* P o u 
t = 2 5 1 33 [W] ^3fJiJ-r^>o 
[G O a 3] 
4] 

Pout^TorN 

= 20M-^[l/5]x2x;^ 



= 25133[fr] 



(14) 



(18) ^#§32 O^^l 9 9 7 7 6 (P 2 O O 2 - 1 9 9 7 7 6 A) 
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laiSttfilR. ia«aSi m^7nr::±825a5e (7) rccfcyi^ 

4i^p I o s s_r = 1 1 3 0 [w] ^s:aj-r^)o 

[0 0 8 5] 
5) 

= 3.(85.1)2-0.052 
= 1130[fr] 



20 



30 



(15) 



10 [0 0 8 6] ^LT. TIBSTxt (1 6) (^7^^^:^^-. 

ili:^^^p o u t . 1 3iNt>#^|i^$;tL>6^— 

^fi:A«^p i n ^TcfcJiESSxt (8) rcj:y^~-$ii 

1 (D^ti^P I o s s_a I 1=1 9 4 5 [W] ^SHtJ 

[0 0 8 7] 
[!&1 6] 

Ploss _ all = Pin - Pout 

= 27078-25133 
= 1945[jr] 

[0 0 8 8] |oI|i|SNIC.t y. |»«£«^P I OS 

s_mecha=-6 8 [W] ^^5^ LTHa^t L. IsHi 
-T-SS T m a g ^7clC.^je^iiEg^(0^^mff^3& K e ^ 
^^LTIS11#L. TESKxC (17) (zn^-T ^ ClH 

^^TcizjiSBsaxe (9) fcj;yss«iE^(DggjemEE 

= 180 [V] ^s:tlj-r^„ 

[O O 8 9] 
I»1 73 

= 0.015 12000 
= 180[^^] 

[0090] ^t>fC. ;^a$:7-yx^^§gF F TiCcfc 

y. ffim3SE-^jfefiJc5f simma I e = 83. 5 [a] ^ 

KffiL. "FESSxC (18) (z^v-Tcfc^rc. ^—-$1 1 1(0 
±li^P I o s s_a I I iirfflliffeP I o s s_r *t«ft 
ttii^P I o s s_me c h a 6^ ^> JilBI&xe (10) fC 
<t y S^li^ P I oss_i ron = 747 [W] 
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[GO 8 43 ^LT. TCiSixe (1 5) fZ^j^-r <fc ^ fC. 

= 1945-1130-68 
= 747[fr] 
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= 69[q] 
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* [0 0 9 4} :xtz. TSa^Sxt (2 0) rcTf.-Tct ^(-. If 

^^—^Xf^^mS^mW,^ le-cosa2<tle-si 

nar2ANt>, -bi2(i8iit (12) tz X ^) id^m^^m'^om 

W^—^m.^ I -003^ = 33 [A] t \ ■ s i n a 
= 7 5 [A] ^Mti^ti>o 
Co O 9 5] 

m2 O] 



(19) 



/ • cosflr = le ' cos [a2) — 

ri_real 

0-3 c /zrz-\ 1 1 5 - cos(45) 
= 83,5cos(66) — ^ 

^ ^ 69 
= 83.5 . 0.407 - ^ 22 

/ sina = /e-sin{a2) ^ 

ri _real 

=:83,5-sin(66)-"^'"^(^^) 
^ 69 

^83.5.0.914-^^^\";^"^ = 75M 



69 



or = Um ' 
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F'Sin(g + jg)-/ j?>$mg 
/•fi?cosor 

_ 1 15 sin {662 + (45 - 66.2)}-- 81 .8 ■ 0.052 • sin (66.2) 

81.8. (12000. 4-2-:7r/60)'COs(66.2) 
= 0.000470 [//] 
^^_ £ + / cosq: J?-F cos(a-h^) 
/•a>'sincc 

_ 1 80 -h 8 1.8 • cos (66.2)> 0.052 - 11 5 > cos {66.2 + (45 ^ 66.2)} 

8 1 . 8 - (1 2000 ' 4 . 2 - ;r / 60) ' sin (66.2) 
= 0.000267 [i/] 
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Ktftit (2 2) RIJ^1&^ (23) d|6lS^EVdR 
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dlft^mSSl d ,t q$61im3f[ i q(*. TfiB!l&xe (2 4) 

[0 10 3] 

♦ [sa24] 



Id^Id'-—^Id'- 



[O 1 0 4] 01 Ott, 0 9(Dafe5l|EI»/\'^>— $if-^ 

^^^^l^tz^-mmfSL Id (|. COS a). Iq(l 
■ s i n «) r-J: d qffi^^JlfCjJIt^F^ ( I ■ c 
OS Of, I • s I na) ^^i^-So isJSi^OjSJg 

$4_ha>A,*. (Ke • N. o) isii^a) 

dm±(OB!lSi (Ke-N+l-coscr-R, O) ^jjit 

Co 1 0 53 ^{z^ mmK-^m^mnmmmv tmn 

aiaffiSa<!:5g«BEi41S^r3&^t»E,*. (v • c o s (« 
+ . V • s I n (a + /S) ) ^«*)<b„ ^tZ. BjS 
A^^>tDrf^^$A (qtt) (D^EKT^tfTD^, (Ke • N 
+ 1 - cosa-R, V-sIn (« + ^)) ^-^ib 

(Ke-NH-I - cosct-R. V-sin (a + /9) 
- I • s i n or • R) 
C0 10 6] felJi(D<fc^fC. Fjgi. Alfe. Bife. Ej^l. 

3i£^fflt>fr^^fC(*F • dS (le-cos2a. le 
• s i n 2 a) (D^olZ^ K3l^^^ff =fa«35<D"r;h.*< 

[0 1 0 7] C(D3^J£(D}f^^.T'tt. gati^(7>^S)!)^%It 
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(h;L.^tt) -r>y<7^>XL d qffi (I^SStt) -Y^ 
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^^^<flNdtttfi«3£ (HiU^tt«35fi|) I d. 

ffiss^^^^ftNqttffimss (^atwrns^fis) i q. d« 
«ai fit J: o: jr tuiii ^^^fv $-t!-^cfc^(cur*.at>o 

[0 1 0 93 Jii^Lfcfc^fC. ^^gJfeCDff^ai^Ccfc'S^f^ 
'VUXDC^-^^O^^S^ai^tEl 5(C^tLli\ :^tlifin 
2 6 ^»|Rlt-r^€-t>-9-4 1 , 4 5^$cfci;^^=^f±l§5 

46, 4 7A>t,a3*$tt^>«-«feasffi^fcg'rJtNT. mm 

[0 1 1 oi *3lSg(7>^^sgrcj;-sssr^aiS5e 

tLl±\ :7^*>uxDC^— -S? 1 ^ (D^m^izHl^X^ ^ 
ga<^ai*;h,fcdte (h;K7|6) -O^^^vxLd 

( h^u'^^ismjiS^t^fii) ^Sctu^qifis Ernsts* i q im- 

50 IBfem35l&^fil) ^mtil-r'5>Ci:A<T'^. tO^ICS^fglg 
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SmffE(h. ^-^r 1 1 (7)®^iaN<tfCci:orK®mff 

[01 1 2] ^— 1 1 -va)m^#ti^coigB»4' 
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K L r *f7-r c <t J: y ^(7>««g$ sis^-r 4 1 ©t-^ 

CO 1 1 4] ^fz. ±^i.tz:^mmizm^y'yiyi.^o 
c ^ — (0 ^ gft ^ ai ffi 3f o ^ ^ A ^ > e i - ^ s <t 
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UX D C Si C03ESS!t^ai^SfZ<k:h. 
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>x J: o: h ;u ^ tt-r > ^ ^ ^ > X ^^ats -r >5 c <t A<r' 

[O 1 1 7] fS^J®2(c8a«(D:*:^e9<7)3?7V 

^ 3 ic8ai£cD:^K^^(Q 3f ^ V ux D c ^ ~ -$1 (D^iai^ai 

\zm.^r^zLtt^x^^tmz. mm\^^mt ^f^(Km 

[O 1 1 8] -^tz. gS^i®4rcfiEmcD*:*^(D:7"^i>U 
XDC^~'Sr(7)^3g[^i±j^ffifZj:tLff. ^-^ai^^AxC, 

>imLriiiea<i^a[*b-r>^<7 5i>x^3<i:ti: 
^'>'$^^^5'>x^3^tt^r^BSIc^3t^r. 3?*^vuxdc 

fc^ST-r^z<tT% ismff^ai^src^y^^^E^ii 
l$6«i/c^ai-r^c<i:6<-e^^,o c;h,fcj:y. :?^vux 
D c ^--si crmsa < t^jstt-f >^ 

40 A<T'^^. 

[0119] ^fc. !S^3e5fc6BlJ<Z>*^^<D:?^vU 

^ft<tlc^oa^r^m%-1'>^^^>x^b^^u: V}\.o^ 

^t. ^m^iz^iym^^oTtit^^mL^ m^^o) 
^^b/ccE i: r < ^-o^^ ^ >x ^stii-r -5) c 

50 [01 20] ^fc. 11*116 (cSB«t©*;^?g<7):7-^vU 
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ai«-%(cso't>T. mm^omwit. s§iemE(OBEaft 
>xii5cti:; h;u^f6'< >-$''^^ >x^saj-r -J) c i 

«3S^#^f:iSil3'r>&C<!:36<T'^>&o ^h>(z. IS^^S 

rrg2ma):*:f£^a> ^"^ V D c ^ — 5* omm^^tz^ 
M^. l2H£C»!i4'a)::?^i/uxDc^— $^^c^3l,^r. # 

±m-tzn^'z>x^(i.-m\^tzmtr^f^mmE.^mmzutii 

[oi 2 2] -mtz. m^m9iz'^n(o:^^m<r)y^zyu 
c=E—9<Dmmmntz^tn^^ ^^^^mt^i^coi^ 
mis^tz^rsi^x. ®^^<Dmtiz^^x±ci>mi^^ 

tx. t^mmmni^wz^i)mmwm^m.mmz^thr 

[0 12 3] ^fc. liJjt^l OfZgB«i(D:*:^^CO:7^*> 

^this^izm':5i\x. m^^(ottitiz^-Dx^ci>mm 

tiiz^^^ti^t^^t. ^m^iz^iiimw^L(D-mt^^ 

BBT-r^c<*:r\ iimff^ffi^©iz.t us^mff^iEm 
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Wit. mmi^m^moiiLmmtitz^^i^m^^t. is^m 
^iz^^^m^cortit ^mm u xmmm < > 

^ >x ^ Kiii-r ^ c <t A<-e # 

[ll^(Dfmmn»:l%^] 

mmcD^ihmo^^wd^mfit^Tr^rmmmxh^. 

[05] :?^->uxDC=E— <$» <OSSar<^iii^l£(Dl^<* 
ime} N <7>^^b(c«io -c^^tf ^> (iS-tz 

[ ® 7 ] isi^» N (D^-fb (z# o T ^ibT ^ ^mm^ P 

I o s s m e c h a ^tjz'^ 'Cf ^ y^Xhiia 

me} lHll£^S©Tma g (O^^bfC^oT lEHbf 

40 [S9] Jfe5i]|51K/N^^-?'— S»fCct^»tim3S©^^fil:i3 

ir ;u ^ -r 0 r- ^ -6 o 

[Ell O] S9(O3fe5»l0^/<^>— 'S'r^<fc-5)mE'<^ 

[011] :^^mmm(Dmmizmhzf^iy\^>t.Dc 
=e-^<D^^i^ih^i^(r>mmmx^i>. 

1 o >uxDc^— ^KDWWi^S 

1 3 -<>/\'— 

15. 55 3?^v^UXDC^ — 

50 2 1 h;u^*&^36S:fflJ 
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